Hydrochemical facies, groundwater evolution, and physicochemical reactions between soil or rock and water are of considerable importance when evaluating or predicting the nature of anthropogenic impacts on groundwater quality. In this respect a total of 67 ground water samples were collected randomly in Akure, southwestern, Nigeria from hand pump/dug wells and analyzed for major cations and anions. The domination of cations and anions was in the order of Ca 2+ > K + > Na + > Mg 2+ and
Introduction
Groundwater accounts for about 98 percent of the world's fresh water and is evenly distributed throughout the world. It provides a reasonably constant supply which is not completely susceptible to drying up under natural condition unlike surface water (Shitta, 2007; Fetter, 1993) . All over the globe, groundwater has been a very good and important source of water supply for drinking, irrigation, municipal water supply, industrial purposes (Matthess, 1982) . It is conveniently available at point of use and possesses excellent quality that requires little or no treatment in most cases. Therefore assessment of ground water for drinking, irrigation, and industrial has become a necessary and important task for present and future ground water quality management (Parker & Foster, 1986; Lloyd & Helmer, 1991) and policy makers, especially the Ondo State government, even as it calls for economy diversification to agriculture/irrigation farming, in order to reduce teeming unemployment rate among the youth in the State.
Ground water quality depends on the quality of recharged water, atmospheric precipitation, inland surface water and subsurface geochemical processes (Freeze & Cherry, 1979; Todd, 1980; Fetter, 1983) . Temporal changes in the origin and constitution of the recharged water, hydrologic and human factors may cause periodic changes in ground water quality (Fetter, 1990; Price, 1985) . The geology of a particular area has a great influence on quality of water and its environment (Srinivasamoorthy et al., 2008; Raju, 2012; Vasanthavigar et al., 2010) . The quality of ground water varies due to a change in chemical composition of the underlying sediments and aquifer (Subba Rao, 2017; Coulibaly & Rodriguez, 2004; Backman et al., 1998) . In Ondo State, modern civilization and urbanization, has consequently led to frequent discharging industrial effluent, domestic sewage and solid waste dump which could invariably cause ground water contamination (Thomson & Foster, 1986) . The polluted water not only affects water quality but also threatens human health, economic development and social prosperity.
Hencecontinuous monitoring/assessment of water quality in relation to various standards around the world has become imperative in determination of suitability of water for various purposes (Satheesh et al., 2017) .
Over the past decade there has been tremendous increased research on groundwater quality evaluation in the area of irrigation and hydrochemical facies characterization (Singh et al., 2015; Siddiqui et al., 2005; Srinivasamoorthy et al., 2008; Jain et al., 2010; Alam et al., 2012; Raju et al., 2009; Raju et al., 2011) . Singh et al. (2015) evaluated the quality of groundwater and its suitability for Pradesn, India and concluded that Water Quality Index calculated exhibits poor quality in less percentage indicating the effective ion leaching, overexploitation and anthropogenic activities from discharge of effluents from agricultural and domestic uses in both seasons (pre and post monsoon). In addition, based on the classification of irrigation water according to sodium absorption ratio (SAR) and
Permeability Index (PI) values, all the sample locations were suitable for irrigation purposes. Satheesh et al. (2017) also carried out groundwater quality assessment and hydrochemical facies evolution of Yeshwanthapur sub-basin, Marangal district, the study reveals that concentrations of the major ions and important physical parameters are within the permissible limits for irrigation SAR values ranged from 0.06 mg/l to 13.9 mg/l and the water falls in the class of "excellent to good category". Percent Sodium values indicate the most of groundwater samples belongs to very good to permissible category for irrigation on Wilcox diagram. Thus, the overall groundwater quality in the sub-basin was fresh and suitable for irrigation use. In this present study an assessment of the ground water quality in Akure metropolis is undertaken for irrigation. The objective is to study the hydrochemical facies, groundwater evolution, major geochemistry and evaluate water's suitability for irrigation purposes in line with the aspiration of the State Government to turn the state into industrial base (hub) and "food basket" of Nigeria.
Description of the Study Area
Akure falls within the basement complex region of Nigeria within Northings (790, (796) (797) (798) (799) (800) (801) (802) (803) (804) (805) (806) (807) (808) (809) 322 mN and Eastings 733, ,092 mE, UTM Minna Zone 31) ( Figure 1 ). It covers an aerial extent of about 320 km 2 . The metropolis is located on a gently undulating terrain surrounded by isolated hills and inselbergs (Ojo et al., 2014) . Topographic elevations ( Figure 2 ) vary between 260 and 470 m above sea level (Ojo et al., 2014) . The major river in Akure is river Ala and its tributaries (Aniya & Shoeneick, 1992) . The weathered layer aquifer is derived from chemical alteration processes while the fractured basement aquifer system is as a result of tectonic activities (Ojo et al., 2014) . The weathered layer aquifer may occur singly or in combination with the fractured aquifer (Bayode et al., 2006) . The aquifer system makes it vulnerable to surface/near surface pollutants such as leachate from waste dump sites and flooding (Ojo et al., 2014) .
Methodology/Procedures
Groundwater samples were collected at selected locations based on hydro-geomorphology and geology of the area (Driscoll, 1986; Hem, 1989 ) after hydrogeological investigations have been carried out to know the geochemical behavior (Scalf et al., 1981; Gibb et al., 1981) . Consequently the map of the study area was first gridded into different zones ( ance, temperature, oxidation potential, pH, total dissolved solid (TDS) and electrical conductivity (EC) were measured in the field by digital meters using the standard procedures (Scalf et al., 1981; Gibb et al., 1981) . Sodium (Na + ) and potassium (K + ) were determined by using flame photometer. Calcium (Ca 2+ ), magnesium (Mg 2+ ), bicarbonate ( ken. The value of the ionic-balance-error is observed to be within the acceptable limit of ±10% (Domenico & Schwartz, 1990) using Equation (1).
( )
TCC TCA IBE 100 TCC TCA
where, TCC = total concentration of cations TCA = total concentration of anions
Results and Discussion

Physical and Chemical Parameters
The chemical composition of groundwater can be used to delineate the recharge and discharge areas on the basis of hydrogeochemical facies and genetic classification (Subba Rao, 2017; Domenico & Schwartz, 1990) . The results of the physico-chemical parameters are presented in Table 1 to Table 2 . The temperature of the groundwater varies from 25.9˚C -30.8˚C with a mean of 27.9˚C. This range of values shows a uniformly moderate temperature. All the water samples are colourless, odourless, and tasteless, with clear appearance. The turbidity of water ranges from 0.6 to 9.5 NTU and an average of 3.16 NTU. This indicates that they are characterized with less suspended matter such as clay, silt, fine fragments of organic matter, and similar material. The pH plays a vital role to react with acidic or alkaline. It is controlled by CO 2 - Subba Rao et al., 2002) . The combination of CO 2 with H 2 O (water) forms H 2 CO 3 (carbonic acid), which affects the pH of water. Water can be classified as acidic and alkaline on the basis of pH, which varies from 1 to 14. The recorded pH varies from 5.2 -7.8 in the groundwater. As per the classification of pH, the water is characterized by an acidic condition, as H + is more than OH − in the water (Subba Rao, 2017).
The oxidation potential (Eh) shows a positive value (0.4190 -0.5610 volts) which indicates that the water is an oxidizing type (Fetter, 1990) . From Figure 3 , it shows a near oxidizing acidic water. Total alkalinity (TA) is a measure of the capacity of water to neutralize acid in terms of calcium carbonate (CaCO 3 ). The TA is in between 40 -340 mg/l (avg. 123.9 mg/l). The concentration of total hardness (TH) varies between 10 and 392 mg/l, and acidity ranging from 180 mg/l to 580 mg/l. The concentration of Ca 2+ varies from 8.8 -60.9 mg/l with average of 21.3 mg/l. The Mg 2+ ranges from 0.8 -19.5 mg/l (avg. 4.0 mg/l). Sodium (Na + ) ranges from 1.4 -19.5 mg/l with an average value of 5.1 mg/l. The concentrations of Na + in the samples is generally low and could be attributed to less influence of anthropogenic activities on the groundwater and it ranges from 1.4 -19.5 mg/l. The potassium (K + ) is in between 2.2 mg/l and 23.6 mg/l (avg. 7.7 mg/l), important sources include orthoclase feldspar, nepheline, leucite and biotite (Subba Rao, 2017; Back, 1960; Collins & Jenkins, 1996) .
The bicarbonate ( 3 HCO − ) varies from 15.2 -390.4 mg/l (avg. 112.1 mg/l). Soil CO 2 is the likely main source of 3 HCO − in the groundwater (Fetter, 1983) . In addition decay of organic matter could also releases carbon dioxide for dissolu- the study area, and its values range from 2.5 -74.5 mg/l.
Excessive concentrations of dissolved ions in the irrigation water affect plants and agricultural soil physically and chemically through lowering of osmotic pressure in the plant structural cells. This prevents water from reaching the branches and leaves, thus reducing the agricultural productivity (Fetter, 1993) . Salinity hazard, sodium, percent sodium (%Na + ), permeability index (PI), residual sodium carbonate (RSC), magnesium ratio (MR) and Kelly ratio (KR) are widely used for the assessment of water quality for irrigation. Figure 4 shows the trilinear diagram of the water samples, which is an effective tool for segregating data for critical study with respect to the sources of dissolved ions in water and modifications in water character (Piper, 1944) . Generally the water in the study area fall within zone 5 which comes under carbonate hardness or fresh water type ( SO − . Only few samples (about 5%) belongs to mixed type (transition zone) where no cation-anion pair exceeds 50%. The mechanism controlling the groundwater quality for the water samples determined using Gibb's diagrams, by relating the ratio of the cations (Na + + K + :Na + + K + + Ca 2+ ) and ratio of anions (Cl − :Cl − + 3 HCO − ) which are plotted against TDS, for understanding the mechanisms that control the groundwater chemistry with respect to atmospheric precipitation (rainfall), rock-water interaction and evaporation. From Figure 5 , the chemistry of the water falls in the precipitation domain, indicating a meteoric origin. Hence the soil/rock-water interaction is responsible for the source of dissolved ions. Consequently since the value of TDS is less than 1000 mg/l in the samples, the origin of the ions in the water samples is presumed to be the rock units in the area (geogenic origin).
The Groundwater Evolution
The evolution of groundwater quality is represented in Langelier and Ludwig's graphical diagram, as shown in Figure 6 . The groundwater samples fall in Group I, relating to Ca 2+ + Mg 2+ + 3 HCO − Type, which indicates a meteoric origin of water quality, caused by rock-water interaction. This implies that the chemistry of the groundwater is controlled by geogenic process and not anthro- 
Hydrochemical Facies Characterization
Hydrogeochemical facies describes the distribution and genesis of principal groundwater types (Back, 1960) . The facies also provide information on progressive ion enrichment during stay of groundwater on the basis of residence time of water in subsurface and the extent of rock-water interaction (Subba Rao, 2017) . The facies are arranged by taking the ionic percentages in relative decreasing order of their abundances. The facies can be classified with respect to residence time of water in aquifer material and topography as shown in Table 4 .
The water in the area is dominantly Type I-Recharge Water emanating from high topography.
The geochemical signatures/ratios are widely used to assess the origin of water as shown in Table 5 . The The salinity hazard (C) is computed in terms of electrical conductivity. Figure   7 shows the spatial distribution of EC in the area. It shows a predominant range of 0 -250 μS/cm (low salinity hazard) which covers about 80% of the area. This type of water is good for irrigation. The moderate-high salinity hazard water forms small closure especially in the northern part of the area. The high salinity hazard has less than 5% aerial dominance. The sodium hazard is computed in terms of sodium absorption ratio (SAR) as well as in terms of percent sodium (%Na + ) where the ions are expressed in meq/l using Equation (4) 
Groundwater Evaluation for Irrigation Purpose
The important chemical parameter for estimating the degree of suitability of water for irrigation as sodium content or alkali hazard for crops, which is expressed in sodium adsorption ratio (SAR). SAR is calculated from the ratio of sodium to calcium and magnesium. Calcium and magnesium ions are important since they are tending to counter the effect of sodium. Higher concentration of SAR leads to breakdown in the physical structure of the soil (Subba Rao et al., 2002) . Sodium is adsorbed and become attached to soil particles. The soil then become hard and compact when dry and impervious to water penetration. Sodium replacing adsorb calcium and magnesium is a hazard as it causes damage to the soil structure. SAR of the studied water samples varies from 1.89 to 26.42. The values are generally within 0 -18 specified by (Singh et al., 2015) as excellent (Figure 8 ). The % Na + is inversely proportional to permeability of soils. The %Na + obtained ranges from 0.41 -3.45 and the spatial distribution of %Na + in Figure 9 shows dominant values in the range of 1.4 -2.4.
In addition the Wilcox plot (Wilcox, 1955) of the water samples ( Figure 10) shows "excellent to good" irrigation water.
Permeability is greatly influenced by Na + , Ca 2+ , Mg 2+ , 3 HCO − and Cl − contents of the soil. It plays an important role in the growth of plants. If the permeability is low in the soil zone, it does not support plant growth. The degree of permeability condition in the soil is expressed in terms of permeability index (PI) computed using Equation (6). The concentrations of ions are expressed in meq/l. Na HCO PI 100 Ca
Mg Na
The PI of the water samples varies from 42.67 to 170.24. According to classification of PI in Table 6 , the groundwater samples fall within "marginal-suitable" category, and from Figure 11 range between −1 to 5. Spatial distribution of RSC in the study area shows very high RSC (>2.5) in the southwest (Figure 11(b) ). However the irrigation water quality in the area is generally "marginal/suitable" (Table 7) . Magnesium ratio (MR) is the ratio of magnesium (Mg 2+ ) to alkaline earths (Ca 2+ + Mg 2+ ) and expressed in percentage (%). Magnesium damages soil structure, when water possesses more Na + and high salinity.
In equilibrium more Mg 2+ can affect soil quality by rendering it alkaline, thus it affects crop yields (Collins & Jenkins, 1996) . The MR of the water samples varies from 4 to 53. The values of MR progressively increase radially from the central part of the study area ( Figure 12 ).
Kelly ratio (KR) is used to classify the irrigation water quality, which is the level of Na + measured against Ca 2+ and Mg 2+ , where the concentrations of ions are in meq/l. If the KR is less than one, it is suitable for irrigation, and if it is more than one, it is unsuitable (Table 7) . The KR values calculated for the water samples are in between 0.04 and 0.84. Figure 12 shows that area with high values of KR have high MR and vice versa.
Conclusion
Hydrochemical facies characterization and groundwater quality evaluation of Akure, Ondo State, Nigeria have been studied. The pH and Eh of the water samples show an acidic condition. Generally the water in the study area falls within zone 5 which comes under carbonate hardness or fresh water type. They are characterized by Ca 2+ and Mg 2+ of Figure 12 . Spatial distribution of MR and KR.
The geochemical signatures show Na + :Cl − is less than 0.7 signifying loss of Na + through precipitation of evaporate water; the water is Ca 2+ rich and Na + depleted with Mg 2+ :Ca 2+ less than 0.5 and Na + :K + (<15) respectively. The Na + :Ca 2+ (<1)
indicates reverse exchange. The major ion chemistry data revealed that the ground water in the study area is fresh in nature. The Ca 2+ : 
